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@ Load measuring device. 

(57) A load measuring device has a plurality of 
links 2 arranged in a chain to which a load to be 
measured is applied, respective sensing means 
G disposed on two or more links for detecting 
the strain on the links 2 and giving output 
signals dependent on the strains, and electronic 
processing means including a microcomputer 
system 12 to process the signals and to com- 
pute a value for the applied load. 
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Theinv ntion relates to a load m asuring device, 
and In particular to a load measuring device having a 
plurality of links arranged in a chain, and s nsing 
means arrang d on a link for sensing th strain in th 
link. 

Such load measuring devices are utilised In many 
situations where It is desired to monitor or measure 
loads, for example in construction work where heavy 
objects are lifted by cranes, or in situations where 
objects are being towed or dragged using cables or 
chains, such as the towing of barges by tugs, or in the 
logging industry where logs are towed behind traction 
vehicles. 

A basic load measuring device consists of a 
mechanical link provided with electronic circuitry 
including a 3ensor which responds to the elastic dis- 
tortion in the mechanical link. A variety of sensors for 
detecting elastic distortion are presently available, 
including for example foil strain gauges which alter in 
electrical resistance in response to the strain on the 
link. A further sensor comprises a simple coil wound 
around a side of a link, the variations in the magnetic 
properties of the link in response to applied stress 
causing a change in the current flow in the wire which 
is indicative of the stress level. 

A difficulty exists with a load measuring device as 
described above, in that such devices are generally 
unacceptably inaccurate when operating with loads 
below a certain percentage of their maximum load 
capacity. For example, where such devices are used 
for Official Weights and Measures purposes, they are 
typically accurate down to about 4% of maximum 
capacity. For other uses this figure may reach 10% of 
maximum capacity. The present invention seeks to 
provide a measuring device having an extended load 
measuring range, for a given required accuracy, or an 
increased accuracy at a given load. 

According to the present invention there is pro- 
vided a load measuring device comprising a plurality 
of links arranged in a chain, to which a load to be 
measured is applied, respective sensing means dis- 
posed on two or more links for detecting the strain in 
the links and giving output signals dependent on the 
strain in those links, and processing means to process 
the output signals and to compute a corrected signal 
indicative of the applied load. 

The utilisation of two or more sensing means pro- 
vided on separate links provides separate output sig- 
nals which can be manipulated to provide a single 
signal of increased accuracy. 

Preferably, at least four links are provided, with 
sensing means disposed on four links. Preferably, the 
sensing means comprise strain gauges. 

The processing means may include a microcom- 
puter system, which is programmed to sum th sig- 
nals from the sensing means disposed on separat 
links. By summing these signals a signal of incr ased 
signal/noise ratio is obtained which may be utilised to 



provide a corr cted signal of increased accuracy indi- 
cative of the applied load, or, for a required accuracy, 
to effectively xt nd the lower limit of acceptable 
m asur ment of the device. For xampl , by provid- 
5 Ing four signals for summation the lower acceptable 
limit of measurement is extended to approximately V4 
of the limit where only a single sensing means is 
utlised. 

Preferably, the microcomputer system is prog- 
10 rammed to sum only those signals from the sensing 
means of separate links which do not differ from each 
other by more than a predetermined amount. In this 
way, spurious signals which might be the result of 
component malfunctions can be disregarded in the 
15 signal summation. 

A further problem with known load measuring 
devices is that the sensor output is not linearly depen- 
dent on the applied load. Mechanical links are avail- 
able which have been specially machined to allow 
20 linear outputs to be obtained. Such links are however 
particularly difficult and very expensive to produce. 

Preferably, the microcomputer system is 
arranged to output a corrected signal which is linearly 
dependent on the applied load, by comparing the 
25 input signals with a calibration curve. This dispenses 
with the need for specially manufactured mechanical 
links. By effecting the linearisation by means of the 
electronics, rather than using specially prepared links, 
a particularly cheap linearised device can be pro- 
30 duced. Any commercially available links can then be 
utlised provided they have the appropriate strength 
for the loads to be applied. 

Preferably an archival memory is connected to 
the microcomputer system which is arranged to 
35 record the loading history of the device. 

The device may include a radio transmitter for 
transmitting the corrected signal indicative of the 
applied load to a remote receiver at which the signal 
is received and the value of the applied load is dis- 
40 played. 

Embodiments of the invention are described, by 
way of example only, with reference to the following 
drawings in which: 

Figure 1 shows the arrangement of mechanical 
45 links of the measuring device; 

Figure 2 is an enlarged view of a link of Figure 1 ; 

Figure 3 shows a bridge circuit of strain gauges; 

and 

Figure 4 is a schematic diagram showing the 
so interconnection of the electronic components of 
the device. 

Turning firstly to Figure 1, a series of oval 
mechanical links 2 are arranged in a chain between 
larger-sized links 4 which facilitate attachment of the 
55 chain to an applied load. 

A number of the links 2 are provided with sensing 
means in the form of strain gauges G mounted on the 
links so as to undergo extension with the links on load- 
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ing. Figur 1 shows strain gaug s provided on four 
links 2. The strain gauges G are foil strain gauges 
which are mounted on the links and which consist of 
plastics foils provided with a plurality of fine wires. On 
the extension of the link on loading, the gauges 
change their resistance according to the extension, 
and hence to the applied load. Such foil strain gauges 
are commercially available, as for example, No. RS 
632-124. 

Alternatively, any other sensing means which 
produce an output indicative of the elastic distortion in 
a link may be used. For example, a coil wound around 
a side of a link may be used. 

Each mechanical link 2 may be provided with 
from one to four strain gauges. Figure 2 shows four 
strain gauges G,, G2, G 3 , G 4 arranged on a link 2. 
These can be mounted on the links 2 in any position 
which experiences an extension with loading of the 
chain. It is found that a particularly effective response 
is produced if the strain gauges G 1t G 2 , G 3 , G 4 are 
positioned on opposing sides of a link as shown in Fig- 
ure 2. Where four strain gauges G t , G 2 , G 3 , G 4 are util- 
ised, these are electrically connected in a bridge 
arrangement, as shown in Figure 3. A voltage, indi- 
cated by Vref - Ground is applied across the bridge, 
whilst the voltage at the arms of the bridge, S 1t S 2 are 
indicative of the strains experienced by the guages, 
and hence of the applied loads. Alternatively, where 
less than four strain gauges are used on a link 2, 
gauges can be substituted by standard resistors in the 
bridge circuit; for example, the link could include only 
two strain gauges, G1 and G2 with G3 and G4 substi- 
tuted by standard resistors. It is to be appreciated that 
the bridge circuit merely provides a convenient 
arrangement of strain gauges, and that any arrange- 
ment which provides an output signal indicative of 
applied load can be utlised. 

The outputs from the sensing means on each link 
2 indicated by LC, RC, XC, YC in Figure 4 are connec- 
ted to a first multiplexor 10 functioning as a switching 
element to selectively control the flow of signals from 
the various sensing means. The operation of trie first 
multiplexor 10 is controlled by a microcomputer sys- 
tem 12. Signals from the first multiplexor 10 are pas- 
sed to a second multiplexor 14 via an instrumentation 
amplifier 16 which provides signal amplification. A 
typical amplifier which can be used has RS No. 308- 
815. The second multiplexor 14 is additionally con- 
nected to a number of reference voltages required in 
order that the system provide internal self-checks. For 
example Figure 3 shows V batt, representing the bat- 
tery voltage, which Is monitored to ensure the battery 
voltage is sufficient for correct functioning of the elec- 
tronic components. V ref and Ground r present vol- 
tages supplied at th bridg as is shown in Figur 3. 
V Cal represents a preselected voltage equivalent to 
a known load which may be utilised in providing 
checks on the correct functioning of the lectronic 



compon nts. This second multiplexor 14 is also con- 
troll d by the microcomputer system 12. A comm ri- 
cally available multipl xor which can be used for both 
the first and second multiplexors 10 and 14 is RS 639- 
5 850. 

Signals from the second multiplexor 14 are digit- 
ised in the analogue to digital converter 15, before 
Input to the microcomputer system 12. A typical 
analogue/digital converter which may be used is RS 

10 No. 647-435. 

The microcomputer system 12 is arranged to pro- 
cess the signals from the various sensing means to 
yield an accurate output which is linearly dependent 
on the true load on the cell. The signals from the vari- 

15 ous sensing means are summed to provide a single 
signal S^ of increased signal/noise ratio. This signal 
S sum is then effectively compared with a predeter- 
mined calibration curve to provide a corrected output 
which is linearly dependent on the applied load. As 

20 discussed previously, the summation of signals 
increases the reliability of the computed load, at a 
given load, or effectively increases the lower limit of 
use of the device for a given reliability. 

By utilising sensing means associated with a 

25 number of different links 2 each independantly provi- 
ding signals indicative of the applied load, a compari- 
son can be made between the signals from the 
different sensing means. An apparent spurious signal 
which varies from the signals given by other sensing 

30 means by more than a preselected amount (which 
would indicate faulty equipment) can be rejected in 
the signal summation and hence in the load compu- 
tation. 

As an alternative, the microcomputer 12 can be 

35 programmed to sum signals from say only two sens- 
ing means when the device is being operated with 
loads well above its lower limit of accuracy, and when 
smaller loads are used, which approach the device's 
lower limit of accuracy, to include signals from other 

40 sensing means in the summation. 

Calibration of the device can be achieved by 
using known loads to compute an applied load versus 
signal curve, and applying a polynomial curve to ext- 
rapolate between points. A theoretical linear res- 

45 ponse is also computed so that for any input signal a 
corrected output signal corresponding to that load is 
computed, with the corrected output signal being 
directly proportional to the applied load. 

Output signals from the microcomputer system 

50 12 are sent via a signal data interface 18 (for example 
RS No. 655-290) where the computer output is trans- 
ferred into a transmissible format, to a radio transmit- 
ter 20 at which the output data is transmitted to a 
remote receiver. A receiver module remote from the 

55 transmitter rec iv s the transmitt d data and is 
arranged to provid a real time display of the applied 
load on an LCD or LED display. An example of a radio 
transmitter which may be utilised is th TT405 man- 
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ufactured by Wood and Douglas. Where remote sens- 
ing of the load is not required the radio transmitter/re- 
ceiver link can be replaced by a simple wir link. 

Other computers can b connect d to th micro- 
computer system 12 via the serial data interface 18, 
for example, for carrying out tests on the device. 

Although the embodiment described uses a 
microcomputer system to carry out the signal control 
and load computation, an appropriately arranged 
microprocessor can alternatively be used. 

A further feature which may be incorporated into 
the device is an additional memory in the form of an 
archival memory 22. This is connected to the micro- 
computer system 12, and is used for storing the ser- 
vice history of the device, by for example, storing a 
complete record of loading against time, or recording 
loading only above a preselected load threshold, or 
alternatively, recording loading against time only on 
unloading of the cell. Such a record is useful particu- 
larly in accident or failure investigation where precise 
loading details at the time of failure are very important. 
A typical memory which may be used is RS No.657 
202 memory card. 

The entire device including the electronic compo- 
nents and links 2 provided with the sensing means are 
contained within a housing 24, indicated by the dotted 
lines on Figure 1 . The larger-sized links 4 are outside 
the housing 24. The device thus forms a stand-alone 
sensing and transmitter module for interposition into 
a loaded line. 



Claims 



ceding claim wherein th proc ssing means 
includes a microcomputer system. 

6. A load measuring device according to claim 5 
5 wherein the microcomputer system is program- 
med to sum the signals from the sensing means 
of separate links. 

7. A load measuring device according to claim 6 
10 wherein the microcomputer system is program- 
med to sum only those signals from the sensing 
means of separate links which do not differ from 
each other by more than a predetermined 
amount. 

15 

8. A load measuring device according to any one of 
claims 5 to 7 wherein the microcomputer system 
is programmed to output a corrected signal which 
is linearly dependent on the applied load by com- 

20 paring the input signals with a calibration curve. 

9. A load measuring device according to any one of 
claims 5 to 8 wherein an archival memory is con- 
nected to the microcomputer system and is 

25 arranged to record the loading history of the 
device. 

10. A load measuring device according to any pre- 
ceding claim Including a radio transmitter for 

30 transmitting the corrected signal indicative of the 
applied load to a remote receiver at which the 
transmitted signal is received and the value of the 
applied load is displayed. 
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1 . A load measuring device comprising a plurality of 35 
links arranged in a chain, to which a load to be 
measured is applied, respective sensing means 
disposed on two or more links for detecting the 
strain in the links and giving output signals depen- 
dent on the strain in those links, and processing 40 
means to process the output signals and to com- 
pute a corrected signal indicative of the applied 
load. 

2. A load measuring device according to claim 1 45 
wherein at least four links are provided, and whe- 
rein sensing means are disposed on four of the 
links. 

3. A load measuring device according to claim 1 or so 
2 wherein the sensing means comprise strain 
gauges. 

4. A load measuring device according to claim 3 
wherein four strain gauges are arranged on each 55 
link, mounted on opposing sides of th link. 

5. A load measuring devic according to any pre- 
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